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nuevas como las viejas no se enfocaban en lugares con alta concentración de especies de vertebrados amenazadas. En su lugar, parece que están establecidos en localidades que minimizan el conflicto con tierras adecuadas para la agricultura. Este ajuste de las tendencias pasadas tiene implicaciones sustanciales para las contribuciones que estasáreas protegidas están haciendo para los compromisos internacionales para conservar la biodiversidad. Si el crecimiento de lasáreas protegidas de 2004 a 2014 se hubiera enfocado estratégicamente en los vertebrados amenazados poco representados, >30 veces más especies (3086ó 2553 potenciales vs. 85 especies nuevas actuales representadas) habrían sido protegidas por la mismaárea o
al mismo costo que la expansión actual. Con la declinación del suelo disponible para la conservación, los países deben enfocar urgentemente la nueva protección en sitios que proporcionen para los resultados de conservación resaltados en los tratados internacionales.
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Introduction
Few would argue that natural areas free of human pressures have value and should be maintained, yet protecting these areas often conflicts with other societal goals. This conflict manifests itself as either the direct costs of purchasing land and implementing conservation (McCarthy et al. 2012) or as lost opportunities of other economic enterprises, such as food production and wood harvesting (Ruslandi et al. 2011 ). Yet conservation still occurs. For instance, protected areas, which are widely recognized as the primary tool for conserving biodiversity (Watson et al. 2014 ), have expanded rapidly over the last few decades (Juffe-Bignoli et al. 2014) . One reason for this is that conservation is championed through international conservation targets that ensure conservation goals are pursued alongside competing land uses (Venter et al. 2014) .
The most widely recognized and globally significant conservation targets are those agreed under the Convention on Biological Diversity (CBD). In the first commitment period, the parties to the CBD agreed to expand protected areas to cover 10% of the planet by 2010. Then in a recent renewal, countries agreed to further expand their protected areas to cover 17% of land globally by 2020 (Aichi Target 11). They also agreed to prevent the decline of all known threatened species (Aichi Target 12), officially recognizing the long-term aspiration of protecting imperiled species. Especially encouraging is that in both commitment periods, countries agreed that expansion should occur in "areas of particular importance for biodiversity" (CBD 2011) .
Previous research shows that at national (Pressey 1994; Deguise & Kerr 2006) and even international scales (Joppa & Pfaff 2009 ) protection tends to be residual, favoring areas that are unlikely to conflict with competing land uses, instead of focusing on biodiversity. These results are driven primarily by protected areas gazetted previous to the past decade, and there are at least 2 reasons why new protected areas may be performing better for conservation. First, countries may be acting true to their word and targeting places that are important for biodiversity. Second, developments in the field of conservation planning (Moilanen et al. 2009 ) have made identifying these more systematic, potentially removing previous barriers to strategic protection. This could have significant implications for the benefits to biodiversity of protected areas established under recent and potential future biodiversity conventions (Fuller et al. 2010; Venter et al. 2014) .
We aimed to build on previous work by analyzing biases in protected areas globally over historic (pre-2004) and recent periods falling under the CBD commitments (2004-2009 and 2010-2014) . We hypothesize that protected areas established in more recent periods have a greater association with threatened vertebrates and are more likely to include agriculturally suitable areas than older protected areas. We used agricultural opportunity cost as a measure of protection cost and threatened vertebrate richness as a measure of biodiversity importance of an area. Finally, we compared the number of threatened vertebrates adequately represented by protected areas established after 2003 with those that could have been represented for the same area or the same cost if they had been targeted for protection.
Materials and Methods
Our spatial units of analyses were 177,000 30 × 30 km pixels comprising all the world's non-Antarctic terrestrial areas. All spatial overlays were performed at a spatial resolution of 500 m and then aggregated into 30 × 30 km pixels. This resolution of approximately one-third degree (at the Equator) falls in the midrange between scales of one-half degree (Rodrigues et al. 2004 ) and of one-eighth degree (Strassburg et al. 2012) typically used in such analyses.
Mapping Protected Areas Over Time
To measure protection across the 30-km pixels, we used the 
Location of Protected Areas
To account for the spatial variation in protection cost, we used a data set on the potential gross agricultural rents for terrestrial areas (Fig. 1a) (Naidoo & Iwamura 2007) . These data map the potential gross revenues for livestock and 42 crops based on information on their potential yields and producer prices. Each pixel was assigned the value from the most profitable livestock or crop. Agricultural rents reflect the reduction in potential agricultural output, food security, and tax revenue that governments face when implementing new protected areas. We used agricultural revenues as a proxy for the opportunity costs of conservation because agricultural expansion is associated with 90% of observed cases of habitat conversion (Achard et al. 2002; Geist & Lambin 2002) . Opportunity costs did not include the transaction costs of establishing new protected areas or their ongoing management costs (Naidoo et al. 2006 ). However, we found comparable results when using areal extent as a proxy of costs, which indicated our results were not driven by the cost data set used.
Neither the original nor the more recent CBD protected-area targets specify what is meant by "important places for biodiversity" (Di Marco et al. 2015; Watson et al. 2016) . However, the importance of threatened species for the strategic goals of the CBD are clearly articulated through Aichi Target 12, which sets the objective of preventing the extinction of all known threatened species. We therefore developed a measure of biodiversity importance based on the distribution maps for birds (NatureServe and Birdlife International 2012), mammals (IUCN 2012), and amphibians (IUCN 2012), the only comprehensively assessed major terrestrial taxonomic groups (IUCN 2012 ). For all 3 taxonomic groups, we focused on those species listed as critically endangered, endangered, or vulnerable on the IUCN Red List, hereafter referred to as threatened: 4118 species in total (Fig. 1b) . We considered only the terrestrial portion of species' ranges where the species could be extant and native and excluded marine mammals and sea birds. We focused only on threatened species because these are by definition the most important for slowing biodiversity loss and contributing to CBD Aichi Target 12. These data represent the best understanding of the current distribution of globally threatened birds, mammals, and amphibians and not their past or projected future distribution. Using these data, we calculated the number of threatened vertebrates mapped as present within each of the 30 × 30 km pixels and the extent of each species in each pixel.
To evaluate whether agricultural opportunity cost or threatened vertebrate richness was most closely correlated with protected-area location across the 3 periods, we fitted a generalized linear mixed model (GLMM, package lme4 in R 3.0.2) with a logit link and binomial error distribution. All variables were standardized by their mean and standard deviation. We used the proportion of a pixel that is protected as the dependent variable and countries as a random factor because it is at this level that primary decisions about protected-area location are made. We fitted 3 separate models for each of the periods
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Volume 32, No. 1, 2018 considered. The models included agricultural opportunity cost and threatened vertebrate richness as fixed effects. For each model, we calculated the conditional R 2 as the variance explained by both fixed and random effects. Using a random subset of our data (n = 5000 for each period), we evaluated whether our residuals showed spatial autocorrelation by means of Mantel correlograms. We did not find signs of spatial autocorrelation for our model residuals particularly at small spatial scales (Supporting Information).
Suboptimality for Threatened Species
To explore the missed opportunities for species-focused growth of the global protected-area network from 2004 to 2014, we used Marxan to explore the optimal growth of the network (Ball et al. 2009 ). Marxan uses simulated annealing to select multiple alternative sets of areas for meeting prespecified conservation targets while minimizing the overall site-specific cost and connectivity costs of the network. We measured cost in 2 ways, first as simply the spatial area of new protected areas and second as the agricultural opportunity cost of new protected areas (Naidoo & Iwamura 2007) . Protected areas established before 2004 were locked in as already protected.
To set adequacy targets for threatened species protection, we followed the method of Rodrigues et al. (2004) to scale the target to the species' native geographic range size. Complete (i.e., 100%) coverage by protected areas was required for species with a geographic range of <1,000 km 2 . For wide-ranging species (>250,000 km 2 ), the target was reduced to 10% coverage, and where geographic range size was intermediate between these extremes, the target was log-linearly interpolated.
We performed a set of scenarios to construct an efficiency frontier between the cost of attaining threatened species conservation targets and the number of targets met. The trade-off curve was established by iteratively increasing the value given to meeting species targets through the species penalty factor in Marxan, from no value to a value high enough to meet all targets (see Venter et al. [2014] , for method details). 
Results
By the end of 2003, terrestrial protected areas covered 12.7% of the planet's land surface (Table 1) , which is as extensive as all the world's cropland at that time (Ramankutty et al. 2008) . Moreover, 30,000 new protected areas were gazetted from 2004 to 2009, and a further 13,000 new protected areas were gazetted since 2010.
Protected areas tended to encompass land that was of less agricultural value than the global average, a trend which became particularly acute since 2010 (Table 1) . The most recent period saw protected areas established on lands that had on average one-quarter of the agricultural value as the global average. Protected-area gazettement in the United States exemplifies this trend; large protected areas were concentrated in Alaska and to a lesser extent in the less agriculturally valuable western regions (Fig. 2) . The agriculturally valuable regions of the eastern United States tended to have few and small protected areas. A similar trend is observed for Australia, where the prime agricultural lands, as well as its major human settlements, are situated along the continent's coasts, where protected areas tend to be small and strategically located to avoid fertile areas (Supporting Information). Instead, it is in Australia's arid, infertile, and isolated interior that protected areas tend to be large and prolific.
It did not appear at first glance that protected areas targeted places important for biodiversity conservation. Globally, protected lands were about equally rich in threatened species as unprotected lands in all time steps (Table 1) . Still, national differences in species richness could mean these global averages masked sound nationallevel decisions on protected areas.
Our GLMM with countries as a random factor revealed a similar trend. National protected-area networks tended to be cost-averse across all periods (conditional R 2 = 0.45, 0.76, and 0.76 respectively, for each period) (Supporting Information), and they tended to be independent of the richness of threatened species (Supporting Information), except in the case of protected areas established from 2004 to 2009 for which there was a slight positive correlation between protection and threatened species. Moreover, the effect of cost on the location of protected areas became more pronounced in the more recent periods (larger estimated values of standardized variables for
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Figure 2. The distribution of agricultural opportunity costs and protected areas in the continental United States (dark grey, protected areas).
these 2 periods), indicating an entrenchment of bias away from high-cost areas (Fig. 3 & Supporting Information) .
The number of species adequately represented increased from 460 (out of 4118) in 2003 to 545 in 2014 (Supporting Information). Although this represents a gain of 85 species, it compares unfavorably with the 3546 species (86% of all threatened birds, mammals, and amphibians) that could have been protected for the same area (Supporting Information) or with the 3013 species (73% of all threatened birds, mammals, and amphibians) that could have been protected for the same agricultural opportunity cost (Supporting Information) if protection had optimally targeted at these species.
Discussion
Since 2004, under the auspices of the 2 commitment periods of the Convention on Biological Diversity and the full life of its program of work on protected areas, >3 million km 2 of land has been added to the global protected-area network. The commitment texts of the CBD explicitly recognize the critical role these new protected areas play in efforts to conserve threatened biodiversity. With the political commitment to expand and improve protected areas, one would expect that recent protected areas are diverging from past trends of protecting residual lands (Pressey 1994; Joppa & Pfaff 2009 ). However, our results confirm that protection still favors low-cost lands and that this low-cost trend is intensifying through time. Moreover, protection has been largely indifferent to the needs of threatened species.
This provides the first demonstration that both old and new protected areas are not targeting places with high concentration of threatened species. Yet our most disturbing finding is that if protection between 2004 and 2014 had strategically targeted unrepresented threatened vertebrates, it may have been possible to protect >30 times more species (3086 or 2553 potential vs. 85 actual new species represented) for the same area or the same cost as the actual expansion that occurred. Admittedly, these estimates of the number of species that could have been protected are likely optimistic because some species will be absent from parts of their mapped range (Visconti et al 2013; Di Marco et al. 2017 ) and meeting range-based targets does not necessarily secure a species' persistence (Laurance et al. 2012; Venter et al. 2014) . Persistence often depends on the species-specific landscape context of protected areas, such as connectivity, threats, and the inclusion of critical habitats (Boyd et al. 2008) . Still, it does demonstrate that countries are underperforming in locating protected areas such that they contribute to representing threatened species and attain the goal of arresting their decline (Aichi Target 12).
The general bias toward low-cost conservation and indifference to biodiversity represents a major limitation (a, b) pre-2004, (c, d) 2004-2009, and (e, f) 2010-2014 (points, partial residuals; shading, 95% confidence intervals) .
for global efforts to slow biodiversity decline under existing biodiversity conventions. Protection may be failing to target imperiled species for a number of reasons. It could be a lack of political will to protect high-cost areas.
Alternatively, it could be due to either a lack of technical capacity to strategically identify the most important places to conserve or an information gap between those identifying these places and those implementing their
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Volume 32, No. 1, 2018 protection (Knight et al. 2008) . If a knowledge-action gap is limiting the performance of protected areas, closing this gap can be challenging because it relies on placing those with the knowledge directly in the decision-making process (Knight et al. 2008) .
In contrast, if political will is lacking, the solution may be more straightforward. The current Aichi Target 11 states protection should target places that are "important for biodiversity" but leaves significant wiggle room for allowing countries to interpret what this actually means (Maxwell et al. 2015) . A potential solution could be to specify explicitly in national policy where these important places are, or rather the methods by which these places are identified by implementing countries (e.g., using SCP methods or criteria-based methods such as the Key Biodiversity Area Initiative) (Di Marco et al. 2015) . This could be done either through an amendment to the Aichi Target 11 or less ideally in the next revision of the commitment text after 2020. Although countries may be reticent to agree to more-constrained targets (Maxwell et al. 2015) , our finding that an order of magnitude more species could have been protected since 2004 highlights the huge benefits of surmounting this political hurdle.
We focused on threatened vertebrates because Aichi Target 12 outlines the globally recognized importance of slowing the loss of known threatened species. However, other elements of biodiversity could also be targeted (Di Marco et al. 2015) . This could be especially true in countries that have differential objectives across protected area types. In the United States, for instance, national protected areas often target biophysical landforms and wilderness areas, whereas regional protected areas can be more focused on individual threatened species (Scott et al. 2001) . Although this speaks to the need for further national-scale analyses capable of tracking specific reserve objectives, we do not believe it will change our results qualitatively. Namely, targeting conservation efforts to imperiled species will enhance the ability to realize conservation outcomes.
It appears as though the 17% Aichi Target 11 will likely be achieved by 2020 (Tittensor et al. 2014 ). Yet our results present no evidence that the biodiversityimportance element of that target, let alone the Aichi Target 12 for threatened species will be achieved. As the pace of land transformation continues to accelerate, options to establish representative reserve networks that contribute to biodiversity aspirations of the CBD are quickly eroding, but they are not gone yet.
